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1
METHOD FOR CALCULATING LOCAL
SPECIFIC ENERGY ABSORPTION RATE
(SAR) INNUCLEAR MAGNETIC
RESONANCE

FIELD OF THE INVENTION

The invention relates to a method for calculating local
specific energy absorption rate (SAR). The invention also
relates to a magnetic resonance system and to a computer
program comprising instructions for calculating a local spe-
cific energy absorption rate (SAR).

BACKGROUND OF THE INVENTION

Magnetic Resonance Imaging (MRI) is a medical imaging
technique most commonly used in radiology to visualize a
detailed internal structure and a function of a body of a human
being. MRI uses a powerful magnetic field to align nuclear
magnetization of usually hydrogen atoms in water in the
body. Radio frequency (RF) fields are used to systematically
alter the alignment of this magnetization, causing hydrogen
nuclei to produce a rotating magnetic field detectable by a
scanner. This detected signal can be manipulated by addi-
tional magnetic fields to build up enough information to con-
struct an image of the body.

During a MRI procedure, the patient absorbs a portion of a
transmitted RF energy, which can result in body tissue heat-
ing and other adverse effects, such as alterations in visual,
auditory and neural functions. The so-called Specific Absorp-
tion Rate (SAR), in watts per kilogram (W/kg), is the RF
power absorbed per unit mass of tissue. The SAR is one of the
most important parameters related with thermal effects and
acts as a guideline for MRI safety.

For an exact determination of local SAR, a spatial distri-
bution of an electric field of the involved RF coil throughout
the patient as well as an electric conductivity and permittivity
distribution and a mass density throughout the patient is
required. In principle, the electric field can be calculated from
three spatial components of the magnetic field. A spatial
distribution of the electric properties conductivity and per-
mittivity can be determined via Ampere’s law known in the
art.

No reliable method has been found to determine in vivo the
electric field and electric conductivity, and thus, the local
SAR. Instead, rough estimations are performed, based on
models. These models are based on human anatomy obtained
from single individuals in a fixed position. Usually, the body
is dissected into sub-cm voxels, each assigned a particular
tissue type and thus well-defined electric properties, i.e. elec-
tric conductivity o and permittivity €, and mass density p.
Using a model of the applied RF coil, the electric fields and
accordingly local SAR are determined via simulations. This
approach is not patient specific with regard to individual
anatomy and position. Patient specific models within this
framework are not practicable due to the simulation times of
several hours. The uncertainties of such models require large
safety margins, frequently leading to a potentially unneces-
sary increase of the repetition time, and thus, the total acqui-
sition time.

An embodiment of such a method is disclosed in
WO-2007017779 A2 patent application. The method accord-
ing to this patent application aims at measuring the body
electric properties 0 and € via measuring magnetic fields
produced by a RF coil and performing simulations. For SAR
computation, the measured electric properties are used
together with electric fields computed via simulation using
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patient models and RF coil models. Such simulation is based
on the measurement of the magnetic fields.

A drawback of the known system is that the full simulation
of coil and patient is very time consuming, in particular at
least several hours, and thus not practicable in a clinical
setting.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a method
which is suitable for application into a clinical setting. Par-
ticularly, it is the object of the present invention to provide a
method by means of which SAR calculation is done in a
relatively short period of time.

A method for calculating local specific energy absorption
rate (SAR) is based on an electric parameter and the mass
density of a segmented geometry of an object and a magnetic
field vector distribution of a radio frequency (RF) antenna,
where the values of the electric parameter and the mass den-
sity are pre-determined values, while the magnetic field vec-
tor distribution is estimated by a magnetic field mapping
method based on a magnetic resonance (MR) scan. The object
can be aliving being, particularly ahuman being or an animal.

In an embodiment of the invention the segmented geom-
etry of the object can be obtained from a survey scan of the
object. The survey scan can be a low resolution scan. The
segmented geometry can be obtained also by the above men-
tioned magnetic resonance (MR) scan, i.e. a separate survey
scan is not needed. The advantage of this embodiment is that
the segmented geometry of the object is determined for every
particular object. If the object is a human being, the seg-
mented geometry is not predetermined, i.e. determined in
advance for a single human being and further used for other
human beings for whom the SAR should be calculated.
Instead, for every particular human being to be examined the
segmented geometry is obtained from the survey scan of that
particular human being.

The magnetic field mapping method based on a magnetic
resonance scan can be a B; mapping method. The estimate of
the magnetic field can obtained from a measurement of a H*
component of the B, field and a H™ component and Hz com-
ponent of the B, field can be considered to be null.

The electric parameter can include the electric conductiv-
ity and permittivity of the segmented geometry.

The pre-determined values of the electric parameter and
the mass density can be taken from literature.

The method according to the invention does not involve
electro-magnetic field simulation. Nevertheless, the method
according to the invention provides an approximation for
local SAR that is reliable and valid in a large variety of
imaging situations. The method provides an estimate for local
SAR that is patient specific with respect to the patient’s
anatomy and position. Local SAR is estimated from B, map-
ping, which makes it also scanner specific and fast since
lengthy field simulations can be skipped. It is noted that B,
mapping techniques are known in the art. Detailed informa-
tion about B, mapping per se can be found in e.g. the article
“Actual flip-angle imaging in the pulsed steady state: a
method for rapid three-dimensional mapping of the transmit-
ted radiofrequency field” by Yarnykh V L. MRM 57 (2007)
192-200. Since the method according to the invention does
not apply simulation, the SAR calculation is done in the
relatively short period of time. The SAR calculation accord-
ing to the method of the invention can be done in a range of
few seconds to few minutes depending on desired B, map-
ping, i.e. adesired image resolution and a desired signal-noise
ratio. Thus, the method according to the invention is particu-
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larly practicable in a clinical setting. The method according to
the invention can be applied into all kinds of MR scans, and in
particular scans suffering from SAR limitations. The method
can also be applied if patients have metallic implants because
of the possibility of careful control of local SAR near these
implants, instead of excluding these patients from MR stud-
ies. In general, diagnostic scans can be performed at elevated
RF power levels using the SAR map to avoid exceeding local
SAR limits.

It is also an object of the present invention to provide a
magnetic resonance system by means of which SAR calcu-
lation can be done in a relatively short period of time. The
system uses the above described method for the specific
energy absorption rate (SAR) calculation. The system com-
prises:

amain magnet (12) for generating a main magnetic field in
an examination region,

a radio frequency antenna (16) for emitting a radio fre-
quency field in the examination region and receiving an
induced magnetic resonance (MR) from the examina-
tion region, and

a specific energy absorption rate calculation processor (36)
for calculating a specific energy absorption rate (SAR)
for an object accommodated in the examination region
on basis of both an estimate of the magnetic field
obtained from the received induced magnetic resonance
(MR) and an electric parameter of an object’s tissue and
a mass density of the object’s tissue as assigned to a
segmented object’s geometry, wherein the electric
parameter and the mass density are obtained from a
database (42) with values ofthe electric parameter of the
object’s tissue at magnetic resonance (MR) Larmor Fre-
quency and the mass density of the object’s tissue.

The main magnetic field generated by the main magnet can
be substantially uniform in order to enable a good image
quality.

The segmented geometry of the object can be obtained
from a survey scan of the object.

A B, mapping method can be used for the estimate of the
magnetic field.

The estimate of the magnetic field can be obtained from a
measurement of a H" component of a B, field and wherein a
H~ component and Hz component of the B, field are consid-
ered to be null.

The electric parameter can include the electric conductiv-
ity and permittivity of the segmented geometry.

The pre-determined values of the electric parameter and
the mass density can be taken from literature.

In an embodiment of the system according to the invention
the system further comprises a user interface for identifying at
least one region of interest for which the specific energy
absorption rate (SAR) is to be determined by the specific
energy absorption rate calculation processor.

It is also an object of the present invention to provide a
computer program comprising instructions for calculating a
local specific energy absorption rate (SAR) according to the
above mentioned method. The above mentioned magnetic
resonance system can be provided with the computer pro-
gram. The computer program can be stored on any media
known in the art, for example a compact disc (CD), a memory
stick, a hard disc etc.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, the invention and further aspects will be
described, by way of example, and explained hereinafter,
using the following figures:
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FIG. 1 schematically shows an exemplary embodiment of
the magnetic resonance system according to the invention;

FIG. 2 schematically shows a workflow diagram of a ver-
sion of the method according to the invention;

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Inthe following description of the preferred embodiments,
reference is made to the accompanying drawings which form
a part thereof. Specific embodiments, in which the invention
may be practiced, are shown in the following description by a
way of illustration. It is also understood that other embodi-
ments may be utilized and structural changes may be made
without departing from the scope of the present invention. It
is noted that the same reference signs will be used for indi-
cating the same or similar parts in the several embodiments.

FIG. 1 schematically shows an exemplary embodiment of
the magnetic resonance system according to the invention. A
magnetic resonance scanner 10 is illustrated as a system that
includes a solenoidal main magnet assembly 12. In this
embodiment the system is a closed bore system. Other mag-
netic configurations, such as open configurations, of the mag-
netic resonance scanner are also possible. The main magnet
assembly 12 produces a substantially constant main magnetic
field B, oriented along a horizontal axis of an imaging region.
It is to be understood that other magnet arrangements, such as
vertical, and other configurations are also possible. The main
magnet assembly 12 used in a bore type system usually has a
field strength in the range of around 0.5 T to 7.0 T, or higher.

The magnetic resonance scanner 10 further comprises a
gradient coil assembly 14 that produces magnetic field gra-
dients in an imaging region of a patient 40 for spatially encod-
ing the main magnetic field. Preferably, the gradient coil
assembly 14 includes coil segments configured to produce
magnetic field gradient pulses in three orthogonal directions,
typically longitudinal (z), transverse (x) and vertical (y)
directions.

The magnetic resonance scanner 10 further comprises a
radio frequency antenna 16 that generates radio frequency
pulses for exciting resonance in dipoles of the patient 40. The
signals transmitted by the radio frequency antenna 16 are
commonly known as the Bl field. The radio frequency
antenna 16 as shown in FIG. 1 is a whole body birdcage type
coil. The radio frequency antenna 16 also serves to detect
resonance signals emanating from the imaging region. The
radio frequency antenna 16 is a send and receive coil that
images the entire imaging region, however in other embodi-
ments, local send and receive coils, local dedicated receive
coils, or dedicated transmit coils are also possible.

Gradient pulse amplifiers 18 deliver controlled electrical
currents to the magnetic field gradient assembly 14 to pro-
duce selected magnetic field gradients. A radio frequency
(RF) transmitter 20, preferably digital, applies radio fre-
quency pulses or pulse packets to the radio frequency antenna
16 to excite selected resonance. A radio frequency receiver 22
is coupled to the coil assembly 16 or in another embodiment
separate receive coils to receive and demodulate the induced
resonance signals are possible.

To acquire resonance imaging data of the patient 40, the
patient is placed inside the imaging region. A sequence con-
troller 24 communicates with the gradient amplifiers 18 and
the radio frequency transmitter 20 to supplement the optical
manipulation of the region of interest. The sequence control-
ler 24 produces selected repeated echo steady-state or other
resonance sequences, spatially encodes such resonances,
selectively manipulates or spoils resonances, or otherwise
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generates selected magnetic resonance signals characteristic
of the patient. The generated resonance signals are detected
by the RF coil assembly 16 or a local coil, are communicated
to the radio frequency receiver 22, are demodulated, and are
stored as a k-space representation in a memory 26. Imaging
data are reconstructed by a reconstruction processor 28 to
produce one or more image representations for storing in an
image memory 30. In one embodiment, the reconstruction
processor 28 performs an inverse Fourier transform recon-
struction.

The resultant image representation is processed by a video
processor 32 and displayed on a user interface 34 comprising
a human readable display. The user interface 34 is preferably
a personal computer or a workstation. Rather than producing
avideo image, the image representation can be e.g. processed
by a printer driver and printed or transmitted over a computer
network or the Internet. Preferably, the user interface 34 also
allows a technician or another operator or person to commu-
nicate with the sequence controller 24 to select magnetic
resonance imaging sequences, modify imaging sequences,
execute imaging sequences, etc.

A specific energy absorption rate (SAR) processor 36 cal-
culates SAR for portions of the patient within the imaging
region. A lookup table containing dielectric properties of
human tissue at MR Larmor Frequency and mass density of
human tissue is used.

Ampere’s law states a relation between magnetic fields H
and electric displacement fields D and the electric current
density j:

PhG) M

V xHF = = + (P

The electric conductivity a is related to the current density
via:

7(H=o(FIE(F) 2

The electric displacement can be expressed via the permit-

tivity of free space &, and the relative permittivity €, and the

electric field. Isotropic media are assumed:

B(F)=€&(ME(T) ®

Substituting of equations (2) and (3) into equation (1) and
assuming time-harmonic fields yields:

VxH(¥)io€(r=E(¥) @

with €(1)=wE,E,( T )+0( ). From the knowledge of E and
0, local SAR is readily obtained:

* (5)
SAR(?) =

cHENE'F o) VxHD(VxHD
23 2wl B | e

The local SAR can be computed if 1) magnetic fields and 2)
electric properties and mass density are known. The basic
idea of the invention is to measure item 1) and to make a
model for item 2). In the following, these two items are
discussed in more detail.

Circularly polarized magnetic field components are related
to the Cartesian components via:

H'=(H,+,)?2, B =(H,~iH,)/2. (6)

and vice versa:

10

15

20

25

30

35

40

45

50

55

60

65

H=H'+H"

H=—iH'-H) M

The positive field component H* (corresponding to the
transmit sensitivity) can be measured using B, mapping tech-
niques as known in the art, see for example the Yarnykh article
“Yarnykh V L. Actual flip-angle imaging in the pulsed steady
state: a method for rapid three-dimensional mapping of the
transmitted radio frequency field. MRM 57 (2007) 192-200”.
In a birdcage coil configuration, the other two field compo-
nents H™ and H, can be neglected because of H*>>H, and
H*>>H".

The method according to the invention assigns literature
values for electric properties and mass density to segmented
images. Usually, B, mapping techniques are based on post
processing anatomical images, see for example the Yarnykh
article. These images could be re-used for automated segmen-
tation and identification of tissue types. Segmentation and
identification can be done with different resolution as
required, balancing CPU time and the result’s accuracy. Inthe
simplest version, the whole body can be taken as a single
segment with an average o and €. More detailed versions
might shrink segments down to voxel size. Due to the pre-
scan character of the B, map in this framework, a moderate
voxel size is expected for the sake of acceptable acquisition
time.

FIG. 2 schematically shows a workflow diagram of an
exemplary embodiment of the method according to the inven-
tion. The step 60 represents an image acquisition, e.g. 2 FFE
images in dual TR steady state as in AF1 B1 mapping. There
are two further steps: step 66 representing a reconstruction of
a B1 map and step 62 representing a segmentation of ana-
tomical images of a patient. Step 62 is followed by step 64
representing an assignment of reference values for dielectric
properties and mass density of a tissue. The results of steps 64
and 66 are needed as an input for the step 68 representing a
local SAR reconstruction. Once the local SAR reconstruction
is done the step 70 representing an imaging with the maxi-
mum allowed RF power, i.e. without a risk for damaging the
tissue, can be executed.

While the invention has been illustrated and described in
detail in the drawings and foregoing description, such illus-
tration and description are to be considered illustrative or
exemplary and not restrictive; the invention is not limited to
the disclosed embodiments.

Other variations to the disclosed embodiments can be
understood and effected by those skilled in the art in practic-
ing the claimed invention, from a study of the drawings, the
disclosure, and the appended claims. In the claims, the word
“comprising” does not exclude other elements or steps, and
the indefinite article “a” or “an” does not exclude a plurality.
The mere fact that certain measures are recited in mutually
different dependent claims does not indicate that a combina-
tion of these measured cannot be used to advantage. Any
reference signs in the claims should not be construed as
limiting the scope.

LIST OF REFERENCE NUMERALS

10 a magnetic resonance scanner

12 a solenoidal main magnet assembly
14 a gradient coil assembly

16 a radio frequency antenna

18 gradient pulse amplifiers

20 a radio frequency transmitter

22 a radio frequency receiver

24 a sequence controller
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26 a k-space memory

28 a reconstruction processor

30 an image memory

32 avideo processor

34 a user interface

36 a specific energy absorption rate processor

40 an object

42 a database

60 an image acquisition

62 a segmentation of anatomical images of a patient

64 an assignment of reference values for dielectric properties
and mass density of a tissue

66 a reconstruction of a B, map

68 a local SAR reconstruction

70 an imaging with the maximum allowed RF power

The invention claimed is:

1. A method for in vivo calculating a local specific energy
absorption rate based on an electric parameter and a mass
density of a segmented geometry of an object and a magnetic
field vector distribution of a radio frequency antenna, the
method comprising acts of:

segmenting an image of the object to obtain the segmented
geometry of the object;

obtaining pre-determined values of the electric parameter
and the mass density taken from literature for tissue
similar to a tissue of interest within the object included in
the segmented geometry to be irradiated with radio fre-
quency power for obtaining images of the tissue of inter-
est;

assigning the pre-determined values to the tissue of inter-
est;

performing a magnetic resonance scan;

estimating the magnetic field vector distribution by a mag-
netic field mapping method based on the magnetic reso-
nance scan performed by a scanner; and

in vivo calculating the local specific energy absorption rate
specific to the scanner and to an anatomy and a position
of the object based on the pre-determined values of the
electric parameter and the mass density assigned to the
tissue of interest and the estimated magnetic field vector
distribution.

2. The method as claimed in claim 1, wherein the seg-
mented geometry of the object is obtained from a survey scan
of the object.

3. The method as claimed in claim 1, wherein a B, mapping
method is used for the magnetic field mapping method based
on the magnetic resonance scan.

4. The method as claimed in claim 3, wherein the estimat-
ing act estimates the magnetic field vector distribution from a
measurement of a H* component of a B, field and wherein a
H~ component and Hz component of the B, field are consid-
ered to be null.

5. The method as claimed in claim 1, wherein the electric
parameter includes the electric conductivity and permittivity
of the segmented geometry.

6. A magnetic resonance system comprising:

amagnet for generating a magnetic field in an examination
region;

a radio frequency antenna for emitting a radio frequency
field in the examination region and receiving an induced
magnetic resonance signal from the examination region;
and
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a specific energy absorption rate calculation processor for
in vivo calculating a specific energy absorption rate for
an object accommodated in the examination region
based on both an estimate of the magnetic field obtained
from the received induced magnetic resonance signal
and an electric parameter of a tissue of interest within the
object and a mass density of the tissue of interest as
assigned to a segmented object’s geometry, wherein the
electric parameter and the mass density are obtained
from a database including values that are assigned to the
electric parameter of the tissue of interest at a magnetic
resonance Larmor Frequency and the mass density of
the tissue of interest.

7. The magnetic resonance system as claimed in claim 6,
wherein the segmented geometry of the object is obtained
from a survey scan of the object.

8. The magnetic resonance system as claimed in claim 6,
wherein a B, mapping method is used for the estimate of the
magnetic field.

9. The magnetic resonance system as claimed in claim 8,
wherein the estimate of the magnetic field is obtained from a
measurement of a H" component of a B, field and wherein a
H~ component and Hz component of the B, field are consid-
ered to be null.

10. The magnetic resonance system as claimed in claim 6,
wherein the electric parameter includes the electric conduc-
tivity and permittivity of the segmented geometry.

11. The magnetic resonance system as claimed in claim 6,
wherein the pre-determined values of the electric parameter
and the mass density are taken from literature.

12. The magnetic resonance system as claimed in claim 6,
wherein the system comprises a user interface for identifying
at least one region of interest for which the specific energy
absorption rate is to be determined in vivo by the specific
energy absorption rate calculation processor.

13. A non-transitory computer readable medium compris-
ing computer instructions which, when executed by a proces-
sor, configure the processor to perform a method for in vivo
calculating a local specific energy absorption rate based on an
electric parameter and a mass density of a segmented geom-
etry of an object and a magnetic field vector distribution of a
radio frequency antenna, comprises acts of:

segmenting an image of the object to obtain the segmented
geometry of the object obtaining pre-determined values
of'the electric parameter and the mass density taken from
literature for tissue similar to a tissue of interest within
the object included in the segmented geometry to be
irradiated with radio frequency power for obtaining
images of the tissue of interest;

assigning the pre-determined values to the tissue of inter-
est;

performing a magnetic resonance scan;

estimating the magnetic field vector distribution by a mag-
netic field mapping method based on the magnetic reso-
nance scan performed by a scanner; and

in vivo calculating the local specific energy absorption rate
specific to the scanner and to an anatomy and a position
of the object based on the pre-determined values of the
electric parameter and the mass density assigned to the
tissue of interest and the estimated magnetic field vector
distribution.



